Mechanisms of bone remodeling: implications for clinical practice.
The adult skeleton undergoes continuous remodeling. The remodeling cycle involves the interaction of cells of osteoblastic and osteoclastic lineage and is regulated by both systemic hormones and local factors. In addition to the systemic calcium-regulating hormones, parathyroid hormone, 1,25-dihydroxy vitamin D and calcitonin, sex hormones play an important role. Estrogen has been identified as the major inhibitor of bone resorption in both men and women. Androgen is important not only as a source of estrogen, through the action of aromatase, but also for its direct effect in stimulating bone formation. The effects of sex hormones may be mediated by their ability to alter the secretion of local cytokines, prostaglandins and growth factors. Sex hormone action is also modulated by the level of sex hormone-binding globulin in the circulation. A more precise analysis of these effects has been made possible by the development of new methods of measuring not only bone mineral density, but also relative rates of bone formation and resorption using biochemical markers. These new approaches have allowed us to define more precisely the specific roles of androgens, estrogens and other regulatory hormones in human skeletal physiology and pathophysiology.